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1.0

INTROTICTION

A test propram was initiated by the Malerials Developiment Section to
determine the shock absorbing characteristics of various frefighters

helmets alonmwith a NASA protoiype polyimide firefighters aelinet.

The helmets tested were as follows:
a. HNASA prototype - polyimide shell-foam type sucpensicn
el 140 - ABRS shell - webbed suspension

b. Gentex Corp./lod

¢. Bullard Co./"hardboiled" - Fibtergless/polyester shcll - webbed
suspension

d. Pell Co./"lop Tex' - Fibergiass/polyester - foam Lype suspensicon
P ¥ J1 I
The NASA protolype polyimide helmel is descrilbed in greater detail in

paragraph 3.0 below.

The tesis were in accordance with ASAY90.1-1G60 "Aserican Standard
Specification for Protective Headpear for Vehieular Ugers' with the

exception that a 2-inch diameber rather than a 1.9-inch rodius dmpact

anvil was used.

The impacts were accompliched by use of a verlicle are typs impact
apparatus wilh the helmet slilached apd the Z-inch clreneter fnpnel anvil

anchored to the floor in the direct patl of cwing of the wre impactor.

Each helmet configuration was tested twice at a preconditioned temperatir .
o, . C s i 1O s
of +1227F and twice at a preconditioned temperature of +14F with an

impact energy of 50 ft. lbs.
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ORJECTIVE

The objective of the tests was to determine the shoek abscrving
characteristics of the various helmets when tested in acccrdance with
790.1-19006 and. specifically to determine the characteristics of the NNASA
prototype helmet as compared to thosc helmels readily availablce on the

conmmercial marketb.

TS ARTTCTE (JOTYINTHE }ﬂ-JU-Tri’J,‘) DESCRTITION

op

The polyimide helmel was develeopad NAZA Contract FAD 9-12-02., The polyi-
nid shkell was manufactured for HASA under contract with North American
Rockwell using E-type fiberglass over a stainless steel mondrel,
impregnating the fiberglass with polyimide resin #L70L andé then curing ab
high temperature. The suspension and face shield was ingialled by the

P

Armericun Sportswear Company, Inc. and is a standard gystem used by thic
companyy in the manufacturing of firefighters' helwels. Arericon Sportsic
also provided the mandrel usaiby Hortin American Rockwell. Additional
photographs of this particular helmet are sghown in pholtographs iy, 6

and #]7.

TEsST BOU PRI

The test apparatus consisted of a hollow l-inch diaveter zlwsinum red wil
a wooden mannequin head attached to one end and suspendcd from the olher
end as a simrple pendulum; an impact anvil; temperature control tox; 500 ¢
accelerometer mounted in the mannequin hecad; daga recording equipment, &«
calibrated scale to weigh the impact apparatus and a level-protractor o

acquire lhe desired release angle, The test equipment is shown in

g
, .
photcgraphs #1 and #2. T~
~
~.
~.
-
;
3
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TEST CORDITIONS
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.. . . ' ..o

Bach helmet confipuration was conditioned at 4122°F for alt least b hour.
but less than 24 hours and then impacted twice. The two impacts were
separated by a distance of at least 1 1/2 inches. The helmets were then

Cys . o . 1,00 . . R .
conditioned at a temperature of +1h7F for a period of at Zeast 4 hours iu .
less than 24 hours and again impacted twice. The heimets were tested
within 5 minutes from removal from the temperature control box.

Bach impact was with 50 't 1b. impact energy.

TEST PROCEDIRE

The tests were conducted per document number MOC-FC-li-71-12 - "l'est
P ,

Procuedure - Firefighters' Helmet Impact Tests". The procedurc is

. " . N . . -
attached as Appendix #2 of this report. 7The procedure is in uccordance
with ASA 730.1-1966 with the exception that a 2-inch diwncier rather the.

a 1.9-inch radius impact anvil was used. ASA ZG0.1-19756 i, attached as

Appendix #3 of this report.

A brief outline of the procedure is as follows:

a. Assemble impact tester to incorporate head per sketcel #21 of
Test Procedure

b, Buspend as a pendulum and determine the pericd of oscillation.

c. Calculate the center of percussion.

d. Mount accelerometer in mannequin head. -

e. Weight assembly (see data sheet attachca to test procedure).

f. Determine reclease angle (see data sheet attaclied ‘o test
procedure).

g. Pull assexbly back to desired argle and install in temperature

control btox and maintain at desired tepperature for at least 4 hourc.




ODOCUMENT hMUM3LR REVISIDN RELEASE CATE l’li

7 ;
FAse

OREW SY NS DIYISION "" -

CREX SYSTEMS DIVI MSC-BC-R-T0- 5 1= e 10

h. Take photographs of fhe tegt setup and movies during the impacts,
i. lmpact.

Move approximately 1 1/2 inch and repeatl impact

J-

~
w
-

. . - . . v 4100
k. 1Install identical confliguration into temperature of +14 1 for

least b hours and repcat above sleps.

7.0 ACCEVTARTE ACCELFRATION ITWVELS
The following consitutes rejection of the helmet per ASA 280, 1-1956.
a. Any peak acccleration exceeding LOO g's.
b. Accelerations between 200 and 400 g's if the total 1ime of such
acceleration measured at the 200 g level excceds two (2) mi]icseconf;.
c., Acceleration in cxcess of 150 g's for wore than tour ()
millisccords.
8.0 TEST RECULTS
The NASA prototype Tircmans' helﬁct; the Gentex Corporation': Model 1HO
fireman's helmet; the Bullard Co.'s "Hardtoiled PFireman’s Jelmet"; and
Bell Company's "Top Tex" riot conirol. helmet were instz”led ‘nto a ten-
perature control box at a temperature of.+lE2OF on 12/13/71 a% approxi-
mately 3:30 pm. This temperature was maintained and th irpact tecting
of the above helmcts began on ]Z/lh/Yl at approxirmately G:30 am.
There was no apparent damage to the NASA prototype helimet, a small crack
occurred in the "Hardboiled" helmet, a large indentation formed in the
model 140 helmet, and 2 small cracks occurred in the polyester coating of
the riot helmet, as a result of the first 50 ft-1b impact.
The helmets were then placed btack into the temperatures control box aad
left for an additionul & hours. The impact apparatus was raised

UCr Carm

— -
[ I VI




- - S St ———

! COCUMERT NuYBER At viSTON RELEASE UATE h {
, B ' B . o PAGE Tt
CREW SYSTEMS DIVISION [ rmc-rc-n-72-5 1-5-72 | h
I

approximately 1 1/2 inches and a new release angle calculaied and the
helmets were impacted- again. There was a small crcasce which could be fel:
in the NASA prototype where the helmet was struck by the a:rvil; the

crack in the "hardboiled" helmet was lengthened; the indenfation in the

Model 140 was made decper and wider; and a small piece of the polyester
coaling flaked off the riot helmet as a resull of this 50 it 1b impact

series.,

Fhotographs of the impaclt arez after these impacls were shown in photo-

graphs #3 through #9.

ey

Sinece there were additional helmsets of the "hardboiled" and "Top Tex"
- . A . o 1O c e
confipuration available rew ones were used for the +147F preconditioned

temperature impacts, There was only one FASA protolype and one |

helmet so these had to bLe used in all tests.

The helmets were placed in the temperature control box at & temperature
1,90 . . ) , ) . . .
of +14 1 and left for four (L) hours. The helmets were impacted al this

temperature on 12/15/71 with 50 ft-1bs. energy.

Again there was very little danmape to the UASA protoiype holmet; the

. \ . \ o]
"hardboilded" helmet cracked to a greater extent than in tie +1227¥

My t

impacts and the "Top Tex" had two (2) small portions of the pslyesteér

coating flaked off as a result of the first 50 ft-lbs impact at +lhOE. WL

Model 140 helmet was not impacted this time at the temperature because o-

. b4 iy "1 o :
the extensive damage resulting from the previous twe {2) +i22°F impacts.

: O . o
It was however impacted at +17T once at a location far ercugh away from
the previous impacts that thiz helmet portion was ctructuridly sound.

This is described in the tests below.
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Since there was only an clapsed time of approximuaicly ore: (1) minate
during cach impact of the above mentioned fests each helirel was placed
back into the temperature control bvox immedialely after impacting it so

that an extra four (4) hour delay could be avoided.

The impacts were again conducted on all four helmefs. There was very
little darage to the NASA prototype helimet (a scuffl murk were anvil hit);
the "hardboiled" helmet cracked again; tﬁis was more of the polyester
coatin g flaked off the "lTop Tex"; and therce was very 1litt e damage to
the model 140 since the impact point this time was Letween two ridges of

the helmet as a result of this 50 {t-1b test series.

Photograpts of the impact areas after these impacis wre shown in pholegrzo:

#10 through fi1k,

N

'shle 1 of L1l

=

A more detailed description of each impact is tabuloled in

report.

All the helmets pasced the acceleration levels as deseribed in para-
graph 6.0, Craphs of the accelerations are presented in Airpendix #1 of
this report,
CONCTIUSTIONS
The following conclusions can be made about the herein described impact
tests of the fireman's helmets:

1. Although the impact anvil used constituted a more severe test

than that described in ASA 790.1~-19G6 each of the helrots still had good

-

shock absabting characteristics and passed the requircrentz of Z90.1-1%00.

2. While 4ll the helmels passed the shock aboorption reguirarnonts

there were some notable drawcacrs to some of bhe heloebo:

¥SC Fora
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(a) The "hardtoiled" helmet had sharp edges on fiac inside of

1.

Ol

o

coper impactor ¢

e

the belmel which could cause head injury with either ¢
one of the same type used'but with greater impact energy.

(b) The Model 140 helmet indented far enoug:h on impacts to
shatter & 1/16 inch thick plexiglass plate which was prote -ting the
acceleroncter mounted in the head.

3. The NASA prototype preved to be structurally sow::

[99)

helmet with very good shock abso bing characteristics whicn proved to e

superior to the helmets tested in this test series.

Y
L

The polyimide helmel is tolally nonburing and can withstand short-tern
temperature cxposures in excess of lOOOOF. It ig estinated that, on

a mass-production basis, polyimide helmels can be marufuctured for a unit
price under $50 - which is competitive with the btetler ceonrercially-
available hLclmets. Polyimide ‘helmets are brown, but can be painted or

colored with metallized coatinrs

3R e

The weight of the polyimide helmet is equivalent to other treimets of cor-
parable configuration. !ost, if not all, of the higher weight shown in

} ‘ . . ~ -
Table #1 reflects Trom the heavier, better designed, cuspension s

It should be noted that the helmets used for comparison in this program
were randomly selected and are not intended to represent all of the hel-
mets presently available. I% does appear to be a valid coniclusion, how-
ever, based on this limited sampling, that the polyimide dces hold signi®i
cant promisc as an improved material for firefighter head  ear.

—
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SCOPLE

This document detwuils ihe procedure for subjecling firefighiers!?
helmets Lo impact testing eccording Lo Americun Standard's

specification 790,1-1966 requircmsntls as modificd,

The objective of the test scries is to determine the relative
shock absorbirng characteristics of various firefightcers' helmets
when dmpacted with a {ixed heiispherically shzped snvil, The
impact erergy shell be 50 foot-pounds eccordirg Lo spreificu-

.
tion 790,1-19C6.  An accelerometicr shall be nourded v thin the

head to determine the acceleration durirg impacts,

FLUOAD AT O T T ST Y
THO07 ARTICTE TIACRITTILL

»The tests shall be corducted on various comuercially ¢ veilasble
helmet types and on the NASA prototype polyimide relmet, The
d Vi J

helmets to ve tested are the folloving:

Desicration Manufacturer Suspronasion Shelld

O e g . ettt B VGRS — Or———————

RASA Prototyne Norih Afmerican Foum-Lype Polyinice
Ps PLD v

and forerican
Sports Conpany

»
(s
1%

Model 14O Gentex Corpora- Webbed support
tion .

"Hard Poiled" L. Do Pullard Webbed support  Fiberglass

Company ' Folyrsler
Bell-Top Tex Foun-1ype Fitieriloezs

Polycesier

e corrars s B

HSC fFerm 39)1R fuar z2n0n



DUCUMENT NUMBLR AUVISION | iitase cire ] T
CREW SYSTEWS DIVISION ‘ : o PAGE
GO-RC-R-T1-12 10/07/172 or__ 1

4,0

N
.
N .

5.k

TEST FACTLITY

These tests will be conducted Ly the speciel projects laboratory

of the Crev Syslems bivision's Meterial Development Section.  The
test apparatus shelldl be a pendulun and @ woodon manneouin head
A trermal control box

asseuhly &5 chowvn in photogrophs 1 and 2,

from the cpeciald projects latorotory OAMD (cimdeted cstronsud
metabolic system) shall Lé used Lo precondition 1hce helmetls at
prior to escli impactl,

the desired temperatures

TE57 PROCTLURE ‘

Modify porduduwr end wooden head uscendly peor },,g} X,

Susprnd the impact hewd with o heliet mounted az s per dulun,

and determine the period of oscillation. Determine period iy

swinging the pendulws throwsh an arc of <6° wmd timirs the

period through 10 oscillations,

Calculute the center of percussion of the impsct osscrtly by ihe

folloving Tormula: L = gtz/(ix)g where L is the leng.» Lfrom ithe

pivot point to center of percussion, g is acceleration due to

ravity, and t is the period of oscillaiion of ihe perdulum,
g Y

Bore a hole in the wooden mannequin head in the plene of the

center of percussion per sketch 2.

Welgh and record weight of the impect assembly with & nel

////— #pdll.tnw (L,( u,n‘/,\unt, /sz
See. i bec 2\ A(,WL Ié;\ ux

; £ .,/L//mzfj a’u_a,:(/[ '

A

LADAUL DN S 1 Y
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PAGE
REW SYSTEIS DIVISION . . . I NP R
C ' ' MEC-EC-R-T71-12 10/ of L
560 Calculate the releace angle roguired for a S0 fost-poud Impact

by the followirg formules:

8. E = mgh vhere n is the mass of the impuct ussembly, ¢ is the
acceleration due to gravity, and h is the verticle hoight
vhen the center of prrcussion is raised,

1
recpectively,

be =6~ = cos —(Ter> where Loand h arve defined in 9.% ond 5.6

57 Teke photopraphs of ihe test setup,
- ‘
5.8 Pull dimpait ascendhly back Lo the desired release angle as caleuloded
in step 5.6 ard install in thermal tox.
: '
5.9 Malntain the helwet in the thermsl control vox at -10°C (+149)

for a winimun of 4 hours but less than 24 hours,

5.10  Begin countdown of 5-%-%-2-1 ~ Release, Turn sceclers cierp

recorder on at count of 2.

Sell Impact helret, Do not let helnet strike the arvil more Lhan once,

Record impazcet date on data shect,

9e12 Hove inpact essembly spproximately 1-1/2 inches in any directicon
end impact fhe helmet again if the total time elapsed “rom
step 5.10 is less than 5 minutes. If clapscd time is greater
than 5 mirmites, then return the helmet to the tecyperalure control
box at40¢ for the minirum time of U hours, and then reunsat steps

.- I . VT e e e .
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GOCUMENT NUMSEBIR KEC1SION KitbAst Do -t .
by

PIGE

S0-EC-R-T1-17 10/57/71 oF ),

5,07

5,20

6.0

Position impact assembly co thet the point of inpuet in 1-1/2

inches away from ihe two previous impacls.

Pull assembly to the relesse engle and instell in therisl box.

-

Maintain helmel in the tamperature control bvox at a terperaturce

of 50°C (122°F) for a nminirum of % hours ard noi more -han 2h Yours,

Begin countdowvm.
Turn recorders on at count of 2,

Jwpact helmet, Do not let 1he helmet strike the ornvil more {lan

once.  Record drpact data on dats sheet,

If the LoLﬁl time from step S5.16 is less than © mirules then
‘reposzition the assewbly so that the point of iwmpoct is 1—1/2 inches
away froa the previous impect points. Impaet assombly acain, IS
the totul time clapsed is greater than 5 mirutes then relurn Lho

heluet to ithe temperalure cont.rol box at 50°C (122°7) for «
minirmun of 4 hours and then rcpeat‘stcps 5.Ll4 throuwsh 9,18,

Record inpact date on data shects,
Repeat stieps 5.7 throuch 9.19 for the rewaining threc helmets,

FINAL REPORT

Preparc a final report which includes ell impact dats, photographs,

etc., and & discussion of the relative merits of the units tested,
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Al
FForeword
(This Foreword is not part of American Standard Specifications for Protective Headyear for Vehicular Ueees, 29001190000

© December 9, 1960 the Sparts Car Club of America requested that the American Standards Association initi

N 1] i q

a ;)r"'j'—‘“ to prepare specifications on the subject of road-users helmets. A peneral conference was held at the AS

beadquarters in April 1961 which was attended by representatives from various cousumer proaps, helmet manuloc

juring companics, testing organizations, and both the Army and Naval branches of the military service. The Sala
dards Board estublished Sectiomal Committee 7290 and charzed it with the responsihility for extablishing a safn

Stan & ] ) ;

code fur vehicular head protectinon. The scope of the committee was to estabbish safety requireients for head piote

ton for automobile diivers engoped in high hazard activities or occupations, and for mutores clists. The comani

e

is pn-srnlly considering the expansion of its scope to include headgear protection for other high bhazard athl @
activitics stch as football, basehall, and skiing.

There exists o great number of widely varying uses for protective headgear. The resulting differences in desvo
reguirements may result in very necessary compromices javelving factors which include comfony, weight, visual, on
auditory requirements as well as degree and extent of protection. It is therefore eswential that any specific standar,
be npplicd or utihized only within the scope of its intended application,

Supgestions for improvement gained in the use of this standard will be welcome. They Lould be sent to -k
American Standards Association, Incorporated, 10 East 10th Strect, New York, NJY. 10016.

The organizations which participated in this work and the names of their representatives, as listed at the time thi

standard was submitted to the Scetional Committee for approval, are as follows:
I'P

George G. Snively, Chairman Ashier Chapman, Secretary

Osganization Represented Name of Representar’:

American Association fur AULomolive MediCine .o i et e et e e e e o HOA Fenner, Jr
AL Niakin Ay
Amcricon Tusurance Acwociation R. C. Flhs
Anericun Matoreyeling Ascociation LA Kuehler
Arrerican Mutual Tacuranee AL e o i e e e e e i O Deep

An erican Power Boat Association . e e e CCo Robents
* . W, A Smth Ay

R. Hichter

F. Heaeax (42e)
Cat S PLastic Products, Tie o o e et R L Naler

I iustrial Safety Equipment Association . - Hudloy N irice
C. Sumnwali 148y
W. H. Froney

Be Dl open, Incorpuralod i e et e e .

Irternatinnal Association of Chiels of Police....

Baco Company ... ... . ... TSP 3T Jobhneon
D, Webh 240y
Melbal Futerprives . e e e e e | AU IV VP N
Sine Safety Appliances Company e H. \. Thee
National Acvaciation for Stock Car Aunto [tacing . I3 Salt
Naticnod Hot Hod Acaoriation L e e o J. Hont

P Thotka
R Prinee '3ty
H. ' oileiig

National Nafety Couneil

Sierra Enpincering Company

Saesd Mmool oundation e e e v e s C. O. " hucheste:
Society of the Plastios Iodustiy, T i e e e e o HON Trice
Sports Car Club of Amierica o e eaeee e e e ae e e aee e ae e . A Chapmvan

G. G. Snively
U.S, Department of the Army, Quartermaster Rescarch & Engincering Command (Liaison) ..o A. Lastnik

E. W Barron (4l
LS. Department of the Navy g Lo WL Websaer

. Co V. Ewing
. L. M. Pataick

u.So Naval Aviation ..
Wayne State University
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American Standard Specifications for

M ¥ . 4 . .
Protective Headeear for Vehicular Users

o

1. Scope and Purpose

1.1 Scnp(‘. These spt‘(tiﬁcations and test methods apply
1o pmlccli\'v headgear for wear by riders and occupants
of vehbicles engaged in potentially high hazard activi-
ties. This standacd specifically excludes eye and face

prolu'ti\‘e davices.

1.2 Purpose. These headgear are designed to mitigate
the cffects of a blow on the head received in the cvent
of an sccident.

1.3 Tests are given to ascertain compliance with the
following requircments:

{1} Shock wbrorption properties of the helmet as-
sembly under va¥ious conditions of temperature and
humidity

{2) Penetration resistance

{3) Strength of the retaining harncss and its attach-
ments

2. Dcfinitions

PFor the purposg of these recommendations the follow-
ing Jdelinitions apply:

Basic Plane., A plane at the level of the external audi-
tery meatus and the jnferior margin of the orhit. Also
ref:reed 1o as the anatomical plane.

s ternal Auditory Meatus. Refers to the external open-
ins of the car.

Harness, The complete assembly by means of which
the protective headgear is maintained in position on
*he wearer's head.

tfecior Margin of Orbit. Bottom of the bony rim of
the eye opening.

Orbit. The bony rim of the eye sockel.

Projection. Any part that juts out or extends beyond
the surface in abrupt fashion.

> . . . - .
Protective Headgear. A device primarily intended to
protect the upper part of the wearer's head against a

blow. Some headgear may give protection to additional
head areas.

Reference Plane, A plane 2.36 in. (60 mm) above
and purallel 1o the busic {anatomical) plane, which

1al
shiall be located en each head form.

Shelle The outer material that provides the general
form of the Leadgear.

.

3. Construction

3.1 General. The construction of the helimet shall e
essentially in the form of & shell containing the neees-
sary mcans of absorbing impact energy. Any optionsl
devices fitted to a shell should be so designed that they
are unlikely to cause any injury to the wearer in tle
event of an accident.

3.2 The assembled helmet shall Lave a smooth e--
ternal surface. There shiould be no external projections
greater than § in. (3 mmy above the outer surface of the
shell of the helmet except a roggle elip, if required.

3.3 The gopgle fiing shall project not more than
fg in. {5 mny above the vuter surfuce of the helmet and
be at the back of the helmet. If casily detachable, hov -
ever, this requirement dovs not appily.

3.4 River heads shall project not more than [y i
(1.6 mm) above the ouier surfuce of the helmel ard
show no sharp edges.

4. Materials

4.1 The materials used in the manicfacture of the vari-
ous parts of a helmet should be of durable quality, ie,
their characteristics should not uidergn appreciabls
alteration under the influence of aging or of the circum-
stances of uce to which the helmet is nermaldly subjected
{exposure 1o sun, rain, cold, dust, vibrations, cantacs
with the skin, effects of sweat, or of products applied
to the skin or hair}. .

4.2 Materials commonly knewa to cause skin irritation
or disease should not be used for those parts of the as-
sembly which come into contact with the skin,

4.3 Materials of a new type shall be subject to study
to determine applicability as specifiad in 4.2,

S. Extent of Proteciion

The extent of the area of protection shall be as ma-ked
on the .stunl}ard\ﬁcad\jorm with a reference plane line
2.36 in. (60 mm) above the basic pl ne. ‘

All parts of the helmet abuvesthe reference plane shal,
attenuale shock transmissiqn lc-) at least the minimum

}
'
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. .
requirements specified in Section 10, Tests for Helmets
and Seciinn 11, Penctration Test,

No parl of the protective system shall be inadvertently

detachable.

6. Sampling for Tesling

0.1 l"orqn:nliﬁ«n(mnnml routine teatine, helmets should

ne

be taken in the condition as offered for sale.

6.2 In qualification testing the Lichnets will be required
to satisfy all the teetsy but when it has heen shown by
qualification tes that materials are vqually protective
in perforsiance wfier exposure o Jow temperatore,
moisture, and heat, thercafter for routine tedting of
specimens consideration should he given to pes-ible re-
laxation in respect of them by the testing authority,

provided there is nu change in materials or manufacture,

6.3 Number of Samples. Four helmets are required
for qualification testing. Provision shall be made for
mirking the reference plane on the helmets prior to the
lest,

Conditioning for Testing

7.1 Low Temperiture. The hebuet shall be condi-
tioned by being exposed to o temperature of =10°C 42°C
for not less than <4 hours, ner more than 24 hours, in
a mechanically cooled apparatus.

7.2 Water Immersion. A second helret shall be im-
mersed in water ot a temperature of 25°C 1 5°C for a

perivd of not fess than 1 hours, ner more than 2.1 hours.

7.3 Heate A thied helmet <hall Le conditioned by being
exposed 1o a temperature of H50°C 1 2°C for a period of

not less than 4 hours, nor more than 23 hours.

7.4 All testing <hall begin within five minotes from
the time of removal from the conditioning cquipinent
axindicated in 7.1, 7.2, and 7.3..

°

8.‘L:lb(:ling
.

Exery helmet offered for sale shall bear a label which
shall include the fotlowing <tatements:

(1 For adequate protection this helmet must fit coni-
fortah l\ and clowed v, and provide a range of pvnphu.ll
Vision of i pn:\ml.d“‘v 120 ({(;;IQC.\.

2 This hickuer may be pardially destreyed or dan-
@200 by o severe Blow and even though such damage

s not e readily apparent, any helmet subjected to
SeN e

{or

it >}ml td be returned to the manufacturer
Wpectian or should be replaced.

| -
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9. Fests for Helmets .

9.1 Shock Absorption. Shoel .'|l)>orp\iun shall 1
measured Ly dmparted aceeleration 1o an appropriat:]
instrumented movable hicad form, Ly either of the 70!
lowing means: {1 dropping in guided Gl upon a fix-d
rigid anvily or (24 wounied on ¢ freely pivoting arm
and being dmpacted by an wposropriate bobweir b

drapped in guided Gl

9.2 Acceptable Aceelevadion Lesels
D20 Any peak aecelergtion eoocaeding 100 G's shin!

he canse for rejection of the helin

0.2 Accelevations hetween 20100 and 300 GG oA
be caune for vejection of the bl i the total tinie o
such acceleration measured at the 200 G level exceerds
2 witheeconds.

9.2.3 Aceclerutions in cxcess of 150 G's for more
than < milliseconds shall be couse for rejection of 1
helmet.

9.2.4 The aceeptable acceleration levels set forth
in this section <hafl apply 1o ambient temperature -
pact, low temperature impaet, high temperature mpa ot

.

and water immersion impact tests.

2.3 Fach hehnet shall he Emj»'u'r'-! with two ilentic ol
impactsin not lessthan four sites, i he i ipact sites shioli
be abiove the veference plane (2.1.7), and separatad
from ecuch other 3:)’ a distance cquni o one-filth or nvore

of the maxumnal circom{erence of (e hichinet.

9.9 Two steel impacter or anvil coafigorations shall
uscd, One shall be flat, the other heamispherieal

9.5 The flat impactor shall have a minimom surfeo
area of 19.6 sqnare inchen (127 sounre centimetersy i,

S-incly diameter face; the hemispl rical impactor shel

have a 1.9-inch (1.8 centimeter) rodius,
'
9.6 An cqual number of paired impacis shall be applica

with ecach canfligurstion.

9.7 The test head form chell be of low fesonans e Mar-
b L F 0 - 0l

- H ; S —
pounds (D kilogriaas 4 0.691 = () Jias weght ool

nesium alloy (K-1A), and chall .

include the supporting arm if testizg by dropping unon

a rigid anvil [xee 91N, The same weight shiall be usd

for the i impacting bobweight if testing is done acenrding

to the pivoling hc.«d-f(nm system [ree 9012 )

9.8 The impact encrgy utilized shoil be 50 fuot poun s
{7.42 Lilogram meters}) with the hemispherical an il
face {51

kilogram meters) with the flat anvi’ face (T2 in. or 153

n.or 134 em drop) and 6 foot pounds (9.5

e drop)if testing is in accardance with {1) of 9.1,

[t wliadl be 120 foot pounds (1748 Kilogram meters]
with the }'rmi\phcrir.'d striber {130 in. or 232 cm) aoid
16O oot pounds (23,8 kKilopram weters) with a D
striker (175 in. or 4-1& cm) if testing is in aceordare

with {2) of 9.1.
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10¢. Penetration Test

10.1 Sufficient exposure of the inner surface of the
helmet shell shall be made hy removing padding or
harness material so as to allow the unpadded shell 1o
rest upon a rigid head form. The head form chall contain
a cylindrical cavity 177 in. (1.5 awm) in diumeter whose
vertical axis shall be centered with that of the striking
point. This cavity shall contain a mcans of clectrically
recording the dustantancous vertical deflection of the
in. (] ¢m) of the
axis, and record contact of the siriker tip at a point

inner surface of the shell within 0.394

0.391 in. (1 cm) below the head foria outer surface.

10.2 When tested in the above fashion, the maximum
allowable vertical deflection hall not exceed 0.394 in.
{1 cm), and pructiation of the sriker tip as recovded

by clectrical contact at this point shall not occur.

10.3 Conditions of Penectration Test.

10.3.1 The weight of the penctration test striker shall
“be 6 pounds 10 ounces {3.0 Lilograms).

JO.3.2
angle of 00 degrees.

10.3.3 The radius of the striking point shall be 0.197
in. (0.5 mun}.

J0.3.4 The hardness of stiiking tip shall be 60 Rock-
well {scale C). .

10.3.5 The height of the fail shall be 39.37 in. (1}
meter) as measnred {rom the tip of the striker to the
outer surface of the test head form.

The point of the striker shall have an included

3

11. Test of Retaining System

11.1 The helmet shall be placed upon a test head form
with the chin strap fastened over a device approximating
the shape of the hony structure of the lower jaw. This
shall consist of two metal rollers, cach yin. (1.27 em)
in diamcter, at a distance of 3 in. (7.61 cm) separation
on center, which would cerve to represent the jawhone.

The helmet shali be supported on the head {urm so
that the paints of attachment of the chin strap to the
helmet will be subject to the same test as the strap itsell.

J1.2 A 300-pound (136 kilogram) weight or tension
equivalent thereto shall be applied to the device re-
tained Ly the ¢hin strap. The strap and its attachments
must support this weight without parting and without
greater than | in. £2.51 ¢in) increase in the vertical dis-
tance of the chin strap from the helmet crown.

TL3 The test is designed to test the chin strap harness
assembly only. If the helimet has a pad-lype suxpension
that will allow the helmet to settle down over the head
form, this settling should not be considered in determin-
ing cloazation of the chin strap. The vertical movement
should be recorded with respect 1o the strap and shell
alonc. It shull be tested for ultimate strength and for
elongation under tension,

4

7901
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12. Preparation of Test [lquipment
12.1 All cquipment shall be turne ! on and allowed 1o

warm up for at least 30 minutes o1 until equilibrium i
reached, whichever time is zreater, prior to any testin ;.

The shall 1.

ing to the manufacturer’s recommendation prior to and

12.2

instrumentation calibrated accor -

after each series of tests, I the systounis out of calibra-

tion at the end of a test series, the cntire series shall Lo

discarded.
12.3 The entire system shall he  hecked before ard

after cach series of tests by impacsing o standardizcd
section of a rigid foam plastic, and recording the ac-
celeration-time history of the impact. If the aceeleration-
time Listory is out of predetermined tolerance, the entice
series of tests shall he discarded.

12.4 A record shall bemade of cach impact and retained

as a permancnt record of the acceleration-time history,

13. Test f‘]quipt‘;;cnl

13.1 Head Form. A standard hoad form shown in
Figs. 1-5 <hull he used in all tests!
13.1.1 Center of Gravity, The

the head form including the crossasm shall lie within a

center of gravity of
cone with axis vertical and forming o 10-deree includedd
angle with the apex at the point of impact.

13.1.2 Iieight. The combined weinhit of the crossur:
and head form shall he 11+ 50 pounds (5 Eilograme
1+ 0.091 - 0).

13.1.3 Accelerition Teansducec. The aeeeleration
the
aligned to within 5 deprecs of the trie vertical when the

transduser shall Le mounted with sensitive  axis
head form is in the impact position,

13.1.0 Head Form Size. Mediun, and laree size hel
mets will be tested on a singede head form size, Small size
helmets of the same type will he approved if visual in-
spection shows the construction o be identical to those
tested.

13.1.5 Reference Plane. The standard head form,

It was necessary for the purposes of these recommendatinns and
monder to give regquirements fur the extent of proteston 1o defive
an artifical head form, Hoth 1o <arve as w0 bocis far instrunentation
during tests, and 1o provide fived parametess for mewsarement, It
is realized thut the variation of husian bead ~hape is such that the
artilical bead form may not confurm exactly 1o the shupe of any
random sample hunvon bead, o considerable amount of anthropa-
logical datir bas beea reviewed in oeder 1o dedide e Himiting di-
consedercd saitable
provide accurately fiting protectine heliods Ture apoeoximately
95 percent of the pupulation of 3l races.

menstons, and the bhead form celectea s

Infocmation concerning sources of an aetaal b form or pat-
teen thereof woay be oltamed by a cequesi addiesaed 1o Crager
Tadustrion, SU2Y Fast Parestone Boulevar i, South Gote, Galif,

90280.
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, which the basic plane is marked, shall be positioned
o
an a fat surface so that the basic plane is parallel 1o

th
petmet after it has been positioned on the test head so

i surface. The reference plane shall be scribed on the

that the fowermost part of the leading edee at the front
of the helmet is 2.36 in. (60 mm) above the basic plane.

14.2 Low Temperature Pox. A controlled, mechan-
ic.«”)’-!nolcd temperature box at Jeast 2 X 2 X 2 feet inside
Jimensions shall be available with controlled tempera-

wure capability of =10°C + 2°C. It shall hold the pre-

AMERICAN STANDARD SPECIFICATIONS o
scribed temperature for a minimum of 2.4 hours.

13.3 igh Temperature Doxo A contolled tempers-
ture box at least 2 X 2 x 2 feet in-ide dimensions shell
be available with controlled tempcorature capability of
50°C + 2°C. It shall hold the pre cribed temperatu e

for a minimum of 21 hours.

13.4 Aceeleration Trunsducer. The acceleration truns-
ducer shall have a natural frequency of 20,000 eyl s
per second or greater and be capal e of withstunding a
2,000 Gs shock without damage.
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